





Introduction: Asthma is a serious, chronic disorder that causes concern for healthcare providers, public health organizations and families. The number of individuals in the US diagnosed with asthma increases annually and asthma is one of the most common chronic diseases affecting children. While asthma is considered a complex disease, previous studies have shown that race, sex, poverty level, air pollution and exposure to secondhand smoke are significant risk factors for asthma.
Objective: The aim of this study was to investigate the relationship of both socio-demographic and environmental variables and asthma visits for acute asthma exacerbation within a large children’s hospital.
Methods: Patient data from UPMC Children’s Hospital of Pittsburgh was obtained for June 1, 2017 through May 31, 2018 for children 0-17 years of age seen in the emergency department with a discharge diagnosis of asthma (J45/J98.01).  Patients were aggregated to Allegheny County census tracts based on their home address. Spatial analysis included both the number of cases and rates of cases visits per 1,000 population under 18 years of age census tracts as well as by age group, race and asthma score at initial visit. Linear regression models were run to test for an association between average monthly ozone and PM2.5 levels and monthly asthma visits, and between census tract ED visit rates and poverty and smoking levels.
Results: Our sample of children was predominately African American, between the ages of 0 and 9 years of age and male. The majority of children had one visit in the calendar year and 58% (about half) were scored in the mild asthma score range. Poverty as measured by census tract of residence was found to a statistically significant predictor of asthma visits (p<0.001), whereas monthly ozone and PM2.5 and estimated smoking prevalence within each tract were not.
Discussion: The public health significance of this investigation is that we were able to consider at both socio-demographic and environmental risk factors for asthma emergency department visits. Future research should focus on feasible interventions that target low-income families with either young male or young African American children in order to reduce the disproportionate burden of asthma impacting these communities.
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1.1	Asthma in the United States
Asthma is a serious, chronic disorder that is characterized by recurring symptoms, such as chest tightness, wheezing, difficulty breathing and cough1.  It continues to be a concern for healthcare providers, public health organizations and families and their children as the number of individuals in the United States diagnosed with asthma increases annually.  According to the CDC, in 2009, about 1 in 12 people in the United States have been diagnosed with asthma2.  In comparison, in 2001, it was estimated that 1 in 14 individuals had asthma2.  
Asthma is considered to be one of the most common chronic diseases affecting children and the rate of asthma in children remains higher than the national average, with 1 in 10 children being diagnosed with asthma in 20092.   It is also the third leading cause of hospitalization among children under the age of 153.  Asthma can be a debilitating, as it may limit a child’s ability to play, learn and sleep.  It is estimated that overall, children lose 3.68 million school days annually due to asthma4.   Parents of children with asthma face numerous challenges as well, including: unexpected emergency room visits, unexpected physician office visits, missed school days resulting in work absenteeism, fatigue and further emotional and financial hardships3.  Furthermore, childhood asthma in the US is not evenly dispersed among the population.  African American and Hispanic children that live below the federal poverty line are at twice the risk of asthma, have increased annual emergency department (ED) visits and hospitalization rates, and experience more asthma-related deaths in comparison to Caucasian children3.  
Asthma is diagnosed by a clinician based upon the US Department of Health and Human Service’s Guidelines for the Diagnosis and Management of Asthma, through medical history, a physical exam and spirometry1.   Treatment of asthma includes use of inhaled corticosteroids and other prescribed long-term control medicines2. The goal of asthma treatment is control, or the degree to which symptoms of asthma are minimized by therapeutic intervention1.  According to the Asthma Control Questionnaire, a validated tool to measure asthma control, well-controlled asthma is characterized by minimization of day- and night-time symptoms, activity limitation, airway narrowing and rescue bronchodilator use5.  Control allows individuals to be fully active, sleep through the night, attend work or school daily and avoid ED and hospital utilization6. Furthermore, individuals with well-controlled asthma should have reduced need for a rescue bronchodilator and reduced asthma exacerbations and long-term morbidity5.  While the national guidelines for control of asthma are understood by most clinicians, Dozier et al.6 found a significant difference between parent perception of their child’s asthma control and their child’s reported asthma morbidity.  In their sample of 357 parents and guardians of children diagnosed with asthma, only 58% were consistent in their assessment of their child’s asthma control and the child’s symptoms6. This means that even though parents and guardians reported frequent asthma exacerbations and unplanned visits to the ER, they still believed their child’s asthma was under control. This poses a potential risk to children with severe, out-of-control asthma, as it may be seen as “well-controlled” to their parents or caregivers and implies that well-controlled asthma is not always as clear to the everyday person as it is to healthcare providers.
1.2	 Economic Impact of Asthma 
The cost of asthma in the United States continues to rise annually.  According to the CDC, the total yearly direct cost of asthma in the United States in 2002 was about $48.6 billion4.  In 2007, these medical expenses increased to $56 billion annually2. A large proportion of these costs is due to expenses associated with pediatric asthma, which costs the US around $27 million per year3. These costs include: medical care, lost school and work and early deaths as a direct result of asthma2.  In a 2007 study performed by Barnett and Tursynbek4, authors found that the total yearly cost for an individual with asthma in the United States was about $3,259.  Asthma medications account for more than half of this cost, with an average annual expenditure of about $1,680 for a person with asthma4.  Office-based visits for a person with asthma are estimated at about $581 and the annual estimated hospital costs for outpatient, emergency department and inpatient visits were $151, $110 and $446, respectively4.  
As noted above, asthma poses additional national and individual costs through productivity losses due to morbidity and mortality.  According to the results of the Barnett and Tursynbek study, workers with asthma lost 2.62 work days and asthma accounted for a 66% increase in work days lost4.  For children, asthma was associated with a 98% increase in school day loss and the average yearly school day loss was 3.54 days4.  These productivity losses were valuated at approximately $301 for each working adult with asthma and $93 for each asthmatic student4.  On the national level, society as a whole loses around 14.41 million work days and 3.68 million school days, which equates to a combined cost of $2.03 billion annually.
In 2007, 3,262 adults and 185 children died from causes directly related to asthma2.  Between 2002 to 2007, the value of lives lost due to asthma was calculated at $14.25 million, or an average of $2.37 billion per year4.  Productivity losses from both asthma morbidity and mortality represent 8-12% of the total annual asthma-associated costs4.
1.3	Risk Factors for Asthma
Most clinicians and public health professionals agree that asthma is a complex disease and that the cause of the disease is likely due to combined effects from genetics and the environment.  Race, sex, poverty level, air pollution and exposure to secondhand smoke have been shown to be significant risk factors for asthma and asthma exacerbations.
Race
It is widely understood that asthma morbidity, severity and mortality disproportionately affect members of certain racial and ethnic groups.  Overall, African Americans and Puerto Ricans tend to experience higher rates of asthma than do Caucasians, with prevalence rates of 11.6%, 14.3% and 8.3%, respectively8.  This difference in prevalence remains true for children.  According to the CDC, 15.7% of African American and 12.9% of Puerto Rican children in the US have asthma, as compared to 7.1% of Caucasian children in the US8.  African Americans are more likely to visit an ED for an asthma exacerbation, have four times the risk for hospitalization7 and are more likely to have been discharged from an inpatient unit than Caucasians (29.9% vs 8.7%)8.  African Americans also have five times the risk of mortality due to asthma compared to Caucasions8.  
Gamble et al.7, in their study of subjects enrolled in the Severe Asthma Research Program, hypothesized that the increase of immunoflammatory predictors to asthma severity (i.e. immunoglobin E (IgE)) would differ by race.  Their study enrolled 916 eligible individuals, 71% of which were Caucasian.  In their multivariate models, they found that IgE was significantly associated with severe asthma in African Americans and for every log10 increase in IgE, the risk of severe asthma doubled8.  Furthermore, African Americans who reported family history (2 or more family members) of asthma were at more than two times the risk for severe asthma8.  These findings were not true for Caucasians enrolled in the study8.  The findings of this study suggest that severe asthma in Caucasians may be driven by less genetic elements, and there may be biologic differences in African Americans as compared to Caucasians that drive the differences in morbidity, severity and morality within these two groups8.
Sex
Overall, incidence and prevalence of asthma tend to be higher in adult females as compared to adult males8.  Adult females with asthma have an overall higher number of hospital admissions, longer hospital stays, slower improvement, and higher rates of hospital readmission8.  However, in children, incidence and prevalence of asthma are higher among boys than girls9. Asthma in boys under the age of 13 tends to be of higher severity and they are admitted to the hospital more frequently than girls of the same age8.  In addition, boys have smaller airways than girls and have higher bronchial reactivity (excessive bronchial narrowing) than girls10.  In studies of atopy (the tendency to develop allergic diseases), boys were found to have higher levels of atopy than girls until puberty, indicating that the influence of environmental allergens may differ based on sex11. Around adolescence, the risk of asthma in the two sexes becomes equal, which many authors attribute to the events of puberty (i.e. hormonal changes)10,12. 

Poverty Level
Many authors agree that poverty level has a significant impact on the prevalence of asthma.  Overall, living above the poverty level is associated with a lower odds of childhood asthma13. In a study of US children living in urban and non-urban areas, both neighborhood and individual poverty status were shown to be significant predictors for asthma prevalence in univariate models14.  A 10% increase in the number of households living below the poverty line was associated with a 10% increase in the odds of asthma prevalence14.  On the individual level, a one unit decrease in the household income to poverty ratio was associated with a 7% increase in the odds of asthma prevalence14.  In their multivariate models, individual poverty level remained a significant predictor of asthma prevalence in both non-Hispanic African Americans and Puerto Ricans14.
Poverty level may play an important role on asthma management as individuals living under the federal poverty level may have other financial needs, such as housing, clothing and food, which may take higher precedence than their asthma15. In 2007, about 40% of individuals uninsured and 11% insured individuals could not afford their prescribed asthma medications2. Furthermore, those living under the federal poverty level may not have access to things such as reliable transportation or reliable childcare, which makes attending regular healthcare visits challenging, if not impossible15. Individuals living under the poverty level often have limited healthcare options, usually which are inadequate,16 and health insurance also poses a high cost to families below and even above the federal poverty line. Additionally, in the US, an estimated 1 in 10 low-income families live in substandard housing17.  Previous studies have shown a link between substandard housing and increases in indoor allergen exposure and sensitization16.  Inadequate housing can harbor indoor allergens, allow excess moisture to allow the growth of mold, cracks can allow bugs and rodents to enter the home and inadequate ventilation may result in high concentrations of tobacco smoke, allergens and other compounds that may cause increases in asthma-related outcomes17.
Air Pollution
In the last decade, the impact of environmental pollutants on childhood asthma and asthma exacerbations have been studied in both the United States and other countries. In the International Study of Asthma and Allergies in Childhood, environmental pollutants were named a major cause of asthma in children18. Children may be more susceptible to the effects of environmental pollution as they have higher rates of breathing, smaller airways, developing lungs and are exposed to outdoor air more frequently than adults19. In a study of the effect of fine particulate pollution on over 47,000 pediatric ED visits in Europe, the only environmental compound found to be significantly and independently associated with asthma exacerbation was fine particulate matter with an aerodynamic diameter smaller than 2.5µm, or PM2.519. PM2.5 was highly correlated with the daily number of ED visits for asthma, although these trends plateaued at high levels of PM2.519. Other environmental pollutants, such as NO2 and PM10 had no significant association with ED visits for asthma19. These findings are consistent with another study on the effect of fine particle pollution on children’s respiratory health that took place in Seville, Spain20.  In their study, authors found that the incidence of hospital admissions for respiratory diseases in children under the age of 14 was related to the measured daily average PM2.5 level and that elevated PM2.5 levels had negative effects on childhood asthma20.  
In Allegheny County, PA, US authors investigated the effect of air pollution (ozone and PM2.5) on all ED visits between 2002 and 200521.  In their study, they used daily measurements from 3 county environmental pollutant monitoring systems that were within 10 miles of the 6 main hospitals their patient population represented21.  Authors found that when using a 2-day lag model, ozone levels were associated with increases in asthma ED visits21.  PM2.5 had effect on the total population 1 day after exposure and had an effect on African Americans 1, 2 and 3 days after exposure, however PM2.5 levels had no effect on Caucasians when stratified by race21.
Secondhand Smoke Exposure
Studies have shown that children of parents that smoke get sick more often than children of parents that do not22.  This is especially true of respiratory illness, as exposure to secondhand smoke in children can stunt lung growth and put children at high risk for lung damage21.  Previous studies have also shown evidence of a clear association between secondhand smoke exposure and asthma in children. According to the Asthma and Allergy Foundation of America, secondhand smoke can trigger an asthma attack and children exposed to secondhand smoke have more frequent and more severe asthma attacks22.  Furthermore, about 40% of children who visit the ED for an asthma exacerbation live with smokers22.
In a 2018 study looking at secondhand smoke exposure and asthma outcomes among African American and Latino children, authors observed increased odds of an asthma exacerbation and increased odds of having poorly controlled asthma associated with secondhand smoke exposure23.  In addition, adverse asthma outcomes were seen in low levels of secondhand smoke exposure, suggesting even little amounts of secondhand smoke can cause negative outcomes in asthmatic children23. These findings are supported by previous studies, including a 1993 study of the association between environmental tobacco smoke exposure and asthma exacerbations in children of varying races24.  In their study population, exposure to tobacco smoke was associated with significant increases in numbers of asthma exacerbations24.
1.4	Public Health Context and Significance
In Allegheny County, PA, asthma rates have been increasing annually especially in African American communities, which have rates much higher than the national average25. In addition, the Pittsburgh area has the second highest concentration of particulate matter in the country21. While many studies have been performed to look at individual risk factors associated with asthma exacerbation in children, no study, to our knowledge, has looked at both socio-demographic and environmental-level data to explain asthma exacerbations and emergency department visits.  Allegheny County serves as an ideal population, as individuals represented are of varying race, income and asthma rates, and live in an area of high particulate matter exposure. The aim of this study was to investigate the relationship of both socio-demographic and environmental variables and asthma visits for acute asthma exacerbation within a large children’s hospital.
2.0 	Methods
2.1	Overview of Data Sources
Patient data from UPMC Children’s Hospital of Pittsburgh (CHP) was obtained for calendar year June 1, 2017 through May 31, 2018 for Allegheny County and City of Pittsburgh proper for children 0-17 years of age seen in the emergency department (ED) with a primary or secondary discharge diagnosis of asthma. In lieu of an IRB, a Quality Improvement (QI) was submitted to the CHP review board and approved. A QI was submitted as this was an introductory investigation of CHP asthma ED visits in order to gain knowledge of the patient population and potentially improve the CHP standard of care. The original dataset included all patients who visited the CHP emergency department between June 1, 2017 to May 31, 2018 with a primary or secondary discharge diagnosis of asthma exacerbation (ICD-10-CM codes J45 and J98.01). There was a total of 1,643 unique patients that represented 2,018 encounters (visits) in this time frame with a discharge diagnosis of either J45 (asthma) or J98.01 (acute bronchospasm).
The dataset provided by CHP included both patient-level and encounter-level data. Patient-level variables included: age, sex, race, home address and number of encounters (how many times the patient presented with an asthma exacerbation at the ED in the time frame). Encounter-level data included date and time when the patient presented at the ED, date and time when the patient left the ED, admission status (if the patient was admitted into acute care, the ICU or discharged directly from the ED), encounter asthma score (mild, moderate or severe), date and time when admitted to acute care or ICU (if applicable) and date and time when their acute care or ICU care ended (if applicable).
Environmental and socioeconomic related census-tract level variables were gathered from 2016 Census data for Allegheny County (AC). These variables included: population under 18 years old and poverty rate. Additionally, estimated AC smoking rates census-tract level data were gathered from Western PA Regional Data Center (WPRDC) and air pollution data, including PM2.5 and ozone rates were gathered from the Allegheny County Health Department Open Data.  
2.2	Analysis
Patients were excluded from the analysis if: (1) they were over the age of 17, (2) lived outside of Allegheny County, PA or (3) if they had an invalid address listed. After exclusions, the data set used for analysis included 1,108 unique patients that represented a total of 1,401 encounters in the one-year time frame. Each patient had a unique ID which permitted the ability to determine the number of repeat visits that may have occurred to a particular patient.
2.2.1	Descriptive Statistics: Patient and Encounter Level Variables




Frequencies and descriptive characteristics were calculated for age groups (0-4, 5-9, 10-14, 15-17 years), number of ED visits (1, 2, 3, 4+), sex, race (African American, Caucasian, Other) and asthma score at initial visit (mild, moderate, severe).
Encounter (Visit) Variables
Frequencies were calculated for encounter-level data, including admission status (whether the child was discharged from the ED or admitted to an acute care or intensive care unit) and asthma severity score at all visits.
Environmental Variables
Poverty level, smoking rates and air pollution, including PM2.5 and ozone rates for Allegheny County were mapped by census tract.
2.2.2	Data analysis
Patients were aggregated to Allegheny County census tracts based on their home address using ArcMap 10.6.  A rate of patients visiting the CHP ED per 1000 population under 18 was calculated for each Allegheny County census tract using 2016 Census population data. 
Spatial analysis included both the number of cases and rates of cases visits per 1,000 population under 18 years of age census tracts as well as by age group, race and asthma score at initial visit. The spatial distribution of cases seen only one time in the ED versus for multiple visits were depicted.  
Temporal sequence was also shown in table form by season (age, race, sex, severity to determine if there were unusual patterns of presentation based on the population at risk as shown temporally by season and month of visit.
We dichotomized the cases of childhood asthma exacerbation by asthma score at initial visit (mild vs. moderate/severe) to determine unusual and significant differences in these two groups. We included age, sex, race, number of ED visits and residence (within the city of Pittsburgh, outside the city but within Allegheny County).   
Finally, three linear regressions models were run.  The first regression model examined the relationship between monthly CHP ED asthma visits and average monthly PM2.5 levels for Allegheny County.  The second regression model sought to examine the relationship between monthly CHP ED asthma visits and average monthly ozone levels for Allegheny County.  The last and final regression model was run to test for an association between rates of ED visits per 1,000 population under 18 and census tract poverty (for individuals under 18) and smoking levels in Allegheny County. First, we removed any census tracts for which there was not at least one ED visit by a child. This reduced our sample size to 306 census tracts. This included 125 census tracts within the city of Pittsburgh and 181 outside of the city. This was done to ensure catchment and stability of the model, as it can be assumed that individuals living further away from the city of Pittsburgh would be less likely to take their child to the CHP emergency department and would instead utilize a healthcare facility in their area. We ranked the census tracts by their asthma ED rates by quartiles.
2.3	Our Hypothesis 
1) The distribution of asthma cases within Allegheny County will be clustered both spatially and temporally. Spatially, asthma exacerbation by severity will be more prevalent in socioeconomically distressed areas of the county.  This will be measured by poverty level rate at the census tract level.
2a) There will be differences in the number and rate of asthma exacerbations by age (higher prevalence in younger age groups) and by sex (higher prevalence in boys).
2b) There will be a seasonal difference in both the number, rate and degree of asthma severity depending on the season of the year.
3) Months with higher reported PM2.5 and ozone will have higher rates of asthma exacerbations.
4) The purpose of this investigation is to target which populations and areas of the county may need intervention efforts.
3.0 	Results
A total of 1,108 Allegheny County children visited the UPMC Children’s Hospital of Pittsburgh (CHP) emergency department (ED) for an asthma exacerbation (ICD-10-CM J45 or J98.01) between June 1, 2017 and May 31, 2018.  These 1,108 children represented a total of 1,402 visits, the characteristics of which are presented in table one.  Of these 1,408 CHP ED visits, 58% were coded as mild, 37% as moderate and 5% as severe.  About 73% of these visits ended with the child being discharged directly from the ED, whereas for 27% of these visits, the child was admitted to either an acute or intensive care unit. Figure 1 displays the rate of CHP ED asthma cases per 1,000 population under 18 years old for each Allegheny County census tract. The rate of cases seemed to be highest in the census tracts within and around the city of Pittsburgh.  The highest census tract rate of asthma cases was 315.7 cases per 1,000 population under 17, however the population under 18 in that census tract was small.
Table two presents the overall characteristics of the study population.  About 75% of children were between the ages of 0 and 9 years of age. The sample was predominantly African American (59%). Males, not unexpectedly, made up a greater proportion than females (64% among males versus 36% among females).  The majority of children had one visit in the calendar year (83%) and 58% were scored in the mild asthma score range. The greater proportion of children who were seen in the Children’s Hospital ED resided outside the city than within the city of Pittsburgh (62% outside city versus 38% within city).
Table three presents these same characteristics by age (0-4, 5-9, 10-14 and 15-17 years). Of children aged 0-4 years of age, about 55% were African American and 67% were male. Most of the children in this age range visited the CHP ED a single time (81%), however 58% of the initial visit asthma scores were coded as moderate/severe. A higher proportion of children aged 0-4 lived outside the city of Pittsburgh than within (65% outside the city versus 35% within the city).  Similar trends in these characteristics were seen for ages 5-9 and 10-14, however children in these age groups were more likely to present as mild at their initial asthma visit (59% for children 5-9 and 79% for children aged 10-14). For children aged 15-17, a greater proportion were female (53%) and half lived outside the city (53%).
In analysis by race (Table 4), the proportion of males was higher than females for both African American (61% males versus 39% females) and Caucasian children (68% males versus 32% females). For both African American and Caucasian children, the majority visited the department a single time (80% and 85% for African Americans and Caucasians, respectively). About 52% of African American children with asthma visits lived outside the city (48% within), whereas 77% of Caucasian children with asthma visits lived outside the city (23% within).  
Table 5 breaks down these same overall characteristics by sex. Both females and males were most likely to be between the ages 0-9 years and African American. For both sexes, a greater proportion visited the CHP ED one time (81% for females and 84% for males). About 58% of female children lived outside the city of Pittsburgh and about 65% of male children lived outside the city.
Across all number of visits (Table 6), the greatest proportion of these visits were for children aged 0-4 years. African American children represented the highest proportion in across all visit categories in comparison to Caucasians. For children with three visits to the ED in this time period, 83% were African American.  For children with 4 or more visits to the ED, 78% were African American. Males made up the greater proportion for children with one, two and three visits (65%, 64% and 56%, respectively), however for children with four or more visits, females made up a larger proportion (57%).  For all visit categories, an initial asthma score of mild made up the largest proportion (59%, 54%, 46% and 52% for 1, 2, 3, 4+ visits, respectively).  Not unexpectantly, children who had only one visit to the ED were more likely to reside outside the city (64%), whereas children with 4 or more visited were likely to live within the city of Pittsburgh (56%).
For asthma score at initial visit (Table 7), half of initial visits where patients were coded as severe belonged to children aged 0-4 (51%). The other half of these severe visits were for children aged 5-9 (44%), thus young children made up a smaller percentage of mild visits. Additionally, 51% of severe visits belonged to African American children and 47% belonged to Caucasian children.  Males were more likely than females to present as moderate (65% males versus 35% females) or severe (68% males versus 32% females). It is important to keep in mind that males made up the greater proportion of our overall sample (64%). 
Of the children who lived outside the city of Pittsburgh, but within Allegheny County, 42% were between the ages of 0 and 4 years old (Table 8). About 50% of these children were African American and about 67% were male.  About 85% of children living outside the city the visited the CHP ED once, and 56% were coded as mild at their initial CHP ED visit.  For children who lived within the City of Pittsburgh, 36% were aged 0-4 and 36% were 5-9.  A total of 75% of these children were African American and 60% were male.  About 79% of the children residing outside of the city visited the CHP ED a single time and 60% of their initial visits were coded as mild.
Table 9 presents a comparison of children with an initial asthma score of mild to an initial score of moderate/severe.  For children with an initial asthma score of mild, the average age was 8 (SD ± 4.6), whereas for children with an initial asthma score of moderate/severe, the average age was 5 (SD ± 3.7).  Males made up the greater proportion for the two groups (63% in mild group and 65% in moderate/severe group). Of the children with an initial asthma score of mild, 61% were African American, 60% lived outside the city of Pittsburgh and 84% visited the CHP ED once.  Of the children with an initial asthma score of either moderate or severe, 57% were African American, 65% lived outside the city of Pittsburgh and 81% visited the CHP ED one time.
Figure 2 presents the percent of Allegheny County children aged 0-17 living under the federal poverty level by Allegheny County census tract from the 2016 Census data.  Like the rate of cases, census tracts with a higher percentage of children under 18 living under the federal poverty level tend to be in the Pittsburgh area.  A large proportion of the census tracts outside of the city of Pittsburgh had low child poverty rates (between 0-20%).  Some census tracts reached as high as 100% of children living below the poverty level.
Estimated percent of smokers in Allegheny County by census tract are presented in figure 3.  Census tracts with high percentages of smokers seem to be clustered together, but spread throughout the county. All but two census tracts had smoking prevalence rates higher than 5.8%. The highest smoking prevalence rate of any Allegheny County census tract was 29%.
Figure four displays the total monthly number of UPMC Children’s Hospital of Pittsburgh emergency department visits for Allegheny County children aged 0-17 years with a primary or secondary diagnosis of asthma (J45/J98.01) from June 1, 2017 to May 31, 2018. The highest reported number of asthma visits was 174 in September 2017.  There was additional peak in May 2018, with 168 visits being reported for that month. The lowest number of visits reported was 56 in August 2017.
The average monthly PM2.5 levels (µg/m3) for all of Allegheny County based on eight county monitors are shown in figure 5.  The two months with the highest recorded PM2.5 were August and September 2017, with levels of 15.3 and 16.5 µg/m3, respectively.  April 2018 had the lowest measured PM2.5 levels at 6.6 µg/m3. While there seems to be a similar trend in figure 4 and figure 5, in an unadjusted model, average monthly measured PM2.5 was not found to be a significant predictor of CHP ED asthma visits (p=0.4325).
The average monthly measured ozone (ppb) for Allegheny County based on eight county monitors is displayed in Figure 6. The highest average measured ozone levels were in April and May 2018, with levels of 0.040 and 0.039 ppb, respectively.  The lowest reported ozone levels were 0.021 ppb in both November and December 2017.  In an unadjusted model, ozone levels were not found to associated with CHP ED asthma visits (p=0.771).
A total of 306 Allegheny County census tracts were included in our final linear regression model.  The ranking of census tracts resulted in the following four quartiles: 1=<2.65 visits per 1,000 population, 2=2.70 – 4.66 visits per 1,000 population, 3=4.67 – 9.99 visits per 1,000 population, and 4=>10 visits per 1,000 population. The resulting regression of the quartile ranks as the dependent and percent below poverty and smoking revealed an R2 of 0.34 and an overall significant model (p=0.007). In this model, estimated smoking rates of Allegheny County were not significant (p=0.966). However, percent below poverty in children under 18 was found to be highly significant (p=<0.001). Results from the linear regression model can be found in table 10.
4.0 	Discussion
When looking at the frequencies presented in tables 2-10, it is clear to see that African American children visited the UPMC Children’s Hospital of Pittsburgh emergency department for an asthma exacerbation at a higher proportion than their Caucasian counterparts.  This is not surprising, as it is known that asthma morbidity affects members of certain racial groups, specifically African Americans and Puerto Ricans, disproportionately.  It is important to note that the percentage of Allegheny County citizens of African American race is 13.4%26.  The city of Pittsburgh, however, has a greater proportion of African Americans (23.6%)27. Since a larger proportion of African Americans in Allegheny County live within the city of Pittsburgh, and thus closer to CHP, this may be an explanation for the greater proportion of African Americans seen in the ED department for asthma. However, the race trends seen in this dataset align with previous studies showing that African Americans tend to experience higher rates of asthma than Caucasians8.  Furthermore, African Americans are more likely to visit an ED for an asthma exacerbation8, which is supported by our findings. When looking at initial asthma severity score specifically, African American children made up 61% of all ED visits coded as “mild”. Mild cases are cases that do not require urgent care (i.e. a trip to the ED). This is important as unnecessary utilization of the ED could be due to lack of access to primary care, non-urgent acute care or asthma-specific healthcare facilities where children can be seen for non-urgent visits.  It is worth mentioning that using initial asthma score only does not capture the range of asthma scores across all visits for that child, so using just the initial asthma score may not truly depict an individual’s asthma severity.  Additionally, there was a noticeable difference in the proportion of African American children seen 3+ times in the CHP ED compared to Caucasian children, indicating that African American children may be more likely to routinely visit the ED department for an asthma exacerbation over the course of a year and supports the idea that African Americans may lack access to preventative care or non-urgent acute care.
Subbaro et. al found that the incidence and prevalence of asthma in children are higher among boys than girls9.  In children under 13 years of age, asthma in boys tends to be of higher severity and boys are admitted to the hospital at a higher rate than girls of the same age9. This trend changes around puberty, when the risk of asthma in the two sexes becomes equal, according to studies done by both De Marco et. al10 and Nicolai et. al12. Our findings are in keepings of these studies, as from ages 0-14, a higher proportion of CHP asthma ED visits belonged to males.  The rate of asthma among female children exceed male children at age 15-17, which aligns with the age of puberty. In terms of asthma severity, the proportion of male children coded as mild, moderate and severe at first visit does not seem to differ from the proportions for female children.  As stated previously, this may be due to the inability to capture the true severity of a child’s asthma from their first visit alone. The proportion of male and female children seen 1, 2, 3 or 4+ times also did not seem to differ significantly between the two sexes.
In our final regression model, percent poverty level in children under the age of 18 was found to be a significant predictor of the rate of asthma ED visits.  This may be due poor housing conditions, unreliable transportation and childcare, inadequate healthcare or the inability to afford prescribed asthma medication2,15,17. This research build upon the findings of Keet et. al14, which looked at poverty levels and asthma in children in both urban and non-urban areas, as Allegheny County contains regions that are both urban and non-urban. In their study, authors found that a 10% increase in the number of households living below the poverty line was associated with a 10% increase in the odds of asthma prevalence14.  Our research had similar findings, with an 11% increase in the percent of children under 18 living below the poverty line associated with a 5% increase in the rate of asthma ED visits.
Surprisingly, air pollution, both average monthly ozone and PM2.5, were not found to be statistically associated with the number of ED visits for asthma by month. However, there did seem to be a trend between the rate of asthma ED cases per month and the average monthly measured PM2.5. One possible explanation for these findings is that an average monthly measurement was used, instead of daily measurements, which have been found to be significant in previous literature19,20.  It is important to note that the average monthly ozone and PM2.5 levels were calculated across 8 monitors in Allegheny County.  Therefore, a more accurate reading of both ozone and PM2.5 would have taken into account patient residence and their distance to each monitor location, as different areas in Allegheny County may experience differences in PM2.5 and ozone on the same day.
While it has been found that children exposed to secondhand smoke have more frequent and more severe asthma attacks22, surprisingly, in our regression model, secondhand smoke exposure was not found to be a significant predictor of asthma ED visit rates by census tract.  A possible explanation for these findings is that our rates of smoking for Allegheny County were taken from a previous study performed in Allegheny County from 2006-2010.  The rates used were estimated for each census tract based upon this study and are about eight years old.  The distribution of smokers in Allegheny County from 2017-2018 may be significantly different than the 2006-2010 distribution.  Furthermore, it is important to note that neither CHP ED, acute or ICU intake requires parents or guardians to report on household smoking.  Access to information on household smokers for patients may be required of future studies to better define the impact of household smoke exposure on childhood asthma.
A limitation of this study is that the observed associations and trends cannot be interpreted as causal.  Some of the data used, including percent poverty level in children under 18, air pollution and estimated smoking rates were only available at larger geographic scales (i.e. census tract) and not available at the patient-level.  An important strength of this study to note, however, is that we had available patient home addresses and were able to assign patients to Allegheny County census tracts, which allowed us to look at both socio-demographic variables as well as environmental variables.
As asthma rates continue to rise in the United States, concerns regarding asthma rise among healthcare providers, public health organizations and families and their children.  The development of viable interventions is of utmost importance in prevention of this chronic disease and identification of risk factors remains key in development of said programs. The public health impact of this investigation is its novelty, in that it looked at both socio-demographic and environmental risk factors for asthma emergency department visits within a large children’s hospital. Future research should focus on feasible interventions that target low-income families with either young male children or young African American children to increase access to primary or non-urgent acute care in order to reduce the disproportionate burden of asthma impacting these communities.
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       Mild	810	57.77
       Moderate	523	37.30
       Severe	69	4.92
		
Admission Status		
       Discharge from ED	1026	73.18























































Table 3. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J4/J98.01) from June 1, 2017 - May 31, 3018 by age

           Age (years)
	0-4(n=437)	5-9(n=396)	10-14(n=200)	15-17(n=75)
Race, n(%)				
       African American	239 (54.69)	237 (59.85)	130 (65.00)	50 (66.67)
       Caucasian	170 (38.90)	146 (36.87)	66 (33.00)	23 (30.67)
       Other	17 (3.89)	10 (2.53)	3 (1.50)	2 (2.67)
				
Sex, n(%)				
       Female	144 (32.95)	135 (34.09)	79 (39.50)	40 (53.33)
       Male	293 (67.05)	261 (65.91)	121 (60.50)	35 (46.67)
Number of Visits toED, n(%)				
       1	356 (81.46)	331 (83.59)	167 (83.50)	64 (85.33)
       2	55 (12.59)	44 (11.11)	20 (10.00)	7 (9.33)
       3	18 (4.12)	15 (3.79)	8 (4.00)	0 (0.00)
       4+	8 (1,83)	6 (1.52)	5 (2.50)	4 (5.33)
Initial Asthma Score, n(%)				
       Mild	183 (41.88)	234 (59.09)	158 (79.00)	62 (82.67)
       Moderate	225 (51.49)	137 (34.60)	40 (20.00)	12 (16.00)
       Severe	29 (6.64)	25 (6.31) 	2 (1.00)	1 (1.33)
Residence, n(%)				
       County (outside city)	286 (65.45)	246 (62.12)	117 (58.50)	40 (53.33)













Table 4. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 by race

   Race
	African American(n=656)	Caucasian(n=405)	Other(n=32)
Age (yr), n(%)			
       0-4	239 (36.43)	170 (41.97)	17 (53.13)
       5-9	237 (36.13)	146 (36.05)	10 (31.25)
       10-14	130 (19.82)	66 (16.30)	3 (9.38)
       15-17	50 (7.62)	23 (5.68)	2 (6.25)
			
Sex, n(%)			
       Female	254 (38.72)	131 (32.35)	10 (31.25)
       Male	402 (61.28)	274 (67.65)	22 (68.75)
			
Number of Visits toED, n(%)			
       1	526 (80.18)	346 (85.43)	31 (96.88)
       2	78 (11.89)	48 (11.85)	0 (0.00)
       3	34 (5.18)	6 (1.48)	1 (3.12)
       4+	18 (2.74)	5 (1.23)	0 (0.00)
Initial Asthma Score, n(%)			
       Mild	387 (58.99)	226 (55.80)	15 (46.88)
       Moderate	240 (36.59)	152 (37.53)	16 (50.00)
       Severe	29 (4.42)	27 (6.67)	1 (3.12)
Residence, n(%)			
       County (outside city)	341 (51.98)	312 (77.04)	24 (75.00)











Table 5. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 by sex

         							    Sex
	Female(n=398)	Male(n=710)
Age (yr), n(%)		
       0-4	144 (36.18)	293 (41.27)
       5-9	135 (33.92)	261 (36.76)
       10-14	79 (19.85)	121 (17.04)
       15-17	40 (10.05)	35 (4.93)
		
Race, n(%)		
       African American	254 (63.82)	402 (56.62)
       Caucasian       Other	131 (32.91)10 (2.51)	274 (38.59)22 (3.10)
		
Number of Visits toED, n(%)		
       1	322 (80.90)	596 (83.94)
       2	45 (11.31)	81 (11.41)
       3	18 (4.52)	23 (3.24)
       4+	13 (3.27)	10 (1.41)
Initial Asthma Score, n(%)		
       Mild	234 (58.79)	403 (56.76)
       Moderate	146 (36.68)	268 (37.75)
       Severe	18 (4.52)	39 (5.49)
Residence, n(%)		
       County (outside city)	230 (57.79)	459 (64.65)











Table 6. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 by number of visits to ED

          Number of Visits
	1(n=918)	2(n=126)	3(n=41)	4+(n=23)
Age (yr), n(%)				
       0-4	356 (38.78)	55 (43.65)	18 (43.90)	8 (34.78)
       5-9	331 (36.06)	44 (34.92)	15 (36.59)	6 (26.09)
       10-14	167 (18.19)	20 (15.87)	8 (19.51)	5 (21.74)
       15-17	64 (6.97)	7 (5.56)	0 (0.00)	4 (17.39)
				
Race, n(%)				
       African American	526 (57.30)	78 (61.90)	34 (82.93)	18 (78.26)
       Caucasian	346 (37.69)	48 (38.10)	6 (14.63)	5 (21.74)
       Other	31 (3.38)	0 (0.00)	1 (2.44)	0 (0.00)
				
Sex, n(%)				
       Female	322 (35.08)	45 (35.71)	18 (43.90)	13 (56.52)
       Male	596 (64.92)	81 (64.28)	23 (56.09)	10 (43.47)
				
Initial Asthma Score, n(%)				
       Mild	538 (58.61)	68 (53.97)	19 (46.34)	12 (52.17)
       Moderate	332 (36.17)	55 (43.65)	18 (43.90)	9 (39.13)
       Severe	48 (5.23)	3 (2.38)	4 (9.76)	2 (8.70)
Residence, n(%)				
       County (outside city)	588 (64.05)	68 (53.97)	23 (56.10)	10 (43.48)













Table 7. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 by initial asthma score

 							      Initial Asthma Score
	Mild(n=637)	Moderate(n=414)	Severe(n=57)
Age (yr), n(%)			
       0-4	183 (28.73)	225 (54.35)	29 (50.88)
       5-9	234 (36.73)	137 (33.09)	25 (43.86)
       10-14	158 (24.80)	40 (9.66)	2 (3.51)
       15-17	62 (9.73)	12 (2.90)	1 (1.75)
			
Race, n(%)			
       African American	387 (60.75)	240 (57.97)	29 (50.88)
       Caucasian	226 (35.48)	152 (36.71)	27 (47.37)
       Other	15 (2.35)	16 (3.86)	1 (1.75)
			
Sex, n(%)			
       Female	234 (36.73)	146 (35.27)	18 (31.58)
       Male	403 (63.27)	268 (64.73)	39 (68.42)
			
Number of Visits to ED, n(%)			
       1	538 (84.46)	332 (80.19)	48 (84.21)
       2	68 (10.68)	55 (13.29)	3 (5.26)
       3	19 (2.98)	18 (4.35)	4 (7.02)
       4+	12 (1.88)	9 (2.17)	2 (3.51)
Residence, n(%)			
       County (outside city)	385 (60.44)	272 (65.70)	32 (56.14)












Table 8. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 by residence 

 						             Residence
	County(outside city)(n=689)	Pittsburgh(n=419)
Age (yr), n(%)		
       0-4	286 (41.51)	151 (36.04)
       5-9	246 (35.70)	150 (35.80)
       10-14	117 (16.98)	83 (19.81)
       15-17	40 (5.81)	35 (8.35)
		
Race, n(%)		
       African American	341 (49.49)	315 (75.18)
       Caucasian       Other	312 (45.28)24 (3.48)	93 (22.20)8 (1.91)
Sex, n(%)		
        Female	230 (33.38)	168 (40.10)
        Male	459 (66.62)	251 (59.90)
		
Number of Visits toED, n(%)		
       1	588 (85.34)	330 (78.76)
       2	68 (9.87)	58 (13.84)
       3	23 (3.34)	18 (4.30)
       4+	10 (1.45)	13 (3.10)
Initial Asthma Score, n(%)		
       Mild	385 (55.88)	252 (60.14)
       Moderate	272 (39.48)	142 (33.89)










Table 9. Demographic characteristics of children age 0-17 residing in Allegheny County with a CHP primary/secondary discharge diagnosis of asthma (ICD J45/J98.01) from June 1, 2017 - May 31, 2018 with an initial asthma score of mild vs. moderate/severe

    Initial Asthma Score
	Mild(n=637)	Moderate/Severe(n=471)
Age (yr)		
       (mean ± SD)	7.67 ± 4.61	4.90 ± 3.69
       		
Sex, n(%)		
       Female	234 (36.73)	164 (34.82)
       Male	403 (63.27)	307 (65.18)
Race, n(%)		
       African American	387 (60.75)	269 (57.11)
       Caucasian	226 (35.48)	179 (38.00)
		
Residence, n(%)		
       County (outside city)	385 (60.44)	304 (64.54)
       Pittsburgh	252 (39.56)	167 (35.46)
       		
Number of Visits toED, n(%)		
       1	53 (84.46)	380 (80.68)
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Figure 2. Percent of Allegheny County children aged 0-17 years old living under the federal poverty level by Allegheny County census tract 2016

Figure 3. Estimated percent of Allegheny County smokers by Allegheny County census tract 2006-2010









Figure 6. Average monthly measured ozone (ppb) across eight Allegheny County monitors from June 1, 2017 - May 31, 2018
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